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が多く複雑な流れ場を予測できる SST k-ω．壁近傍を RANS で主流部に LES を用いる DES
モデルの合計 3 種類とした．メッシュサイズは，3,4,5mm で行った．CFD の安定性に影響
を与える離散化手法には風上差分と中心差分の両者について評価した．CFD は入口条件を
実験値とすることで，集合部の流れを実験値と比較することで，各モデル，メッシュサイ
ズ，離散化手法について検討を行うことができた．各条件による CFD 結果を PIV 結果と相
関係数を用いて比較し，最適な CFD 手法の確認を行った．得られた結果から，乱流モデル
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In the automobile development fields, using computer simulation instead of experimental work has become active 
every year. The method is called model-based design, and it will become the mainstream of the development of the 
automobile in the future. Advances in automobiles are represented by the so-called CASE of Connectivity, 
Automations, Shared and Service, and Electricity. They are going to change the industrial structure in the future. In 
particular, the speed of technological innovation related to autonomous driving and electrification is becoming faster. 
Regarding electrification, although the use of electric vehicles (EV) is progressing, problems such as insufficient 
infrastructure development for using them have not been fixed. The short-term increase in the number of electric 
vehicles cannot be expected. It is expected that hybrid vehicles (HEV) and plug-in hybrid vehicles (PHEV), which 
are now common in Japan, will continue to increase in the number of them. However, both HEV and PHEV are 
equipped with an internal combustion engine, which means that all problems related to the internal combustion 
engine are not solved in near future. 
One of the major tasks with internal combustion engines is the reduction of harmful emissions. Common exhaust 
system uses a catalyst for reduction of the harmful emissions. In other words, it is necessary to develop an exhaust 
manifold that can quickly warm up the catalyst in order to comply with exhaust gas regulations. In this study, the 
purpose of this study is to clarify the characteristics of unsteady flow in an exhaust manifold by experiments and 
computational fluid dynamics (CFD) in order to establish a research method that can be used to develop an exhaust 
manifold along the final goal of better exhaust systems. The purpose is also to construct a method for developing 
an exhaust manifold with high exhaust gas purification performance by applying the CFD established. 
As the first stage of the research, the flow experiments and the CFD in the exhaust manifold were carried out 
without combustion (call as motoring condition). The exhaust manifold inlet flow velocity was measured using a 
hot-wire anemometer. The pipe assembly before the catalyst was measured using a particle image velocimetry (PIV). 
The flow in the exhaust manifold is a complicated flow field in which reverse flow and large vortices are generated. 
Detailed experimental data in the test exhaust manifold were obtained. They compared with CFD data. CFD was 
performed by reproducing the shapes of all exhaust systems including the catalyst used in the experiment. In CFD, 
the turbulence model and mesh size were changed, and the effects of them on the results were evaluated. Following 
four turbulence models are tested. k-ε model is commonly used in the automotive industry. SST k-ω can predict 
complex flow fields with many vortices, considering the transport of shear stress. DES model is using RANS near 
the wall and LES in the mainstream. The mesh sizes are 3, 4, and 5 mm. For the discretization method that affects 
the stability of CFD, both the windward difference and the central difference were tested. In CFD, each model, mesh 
size, and discretization method could be examined by using the pipe inlet experimental data as boundary condition.  
The CFD results with all conditions were evaluated by comparison with the PIV results and the correlation 
coefficient. The results confirm the optimal CFD method. The results show that the best condition of CFD is DES 
of turbulence model, 3 mm in mesh size, and the central difference of the discretization method in the tested CFD. 
Furthermore, in order to judge whether the airflow is properly applied to the catalyst, the uniformity index is 
proposed and evaluated. 
The flow in the exhaust manifold under the condition of combustion (firing) is tested by experiment and CFD. In 
the experiment, the complicated flow with high-temperature gas through the measuring part of the collecting part 
can be measured with high accuracy. The measurement is carried out by a laser Doppler anemometer (LDA) for 
obtaining the inlet flow conditions of CFD on the inlet of exhaust manifold. It was confirmed that the CFD method 
used in the motoring condition with good agreement can be applied to the firing conditions. The results at the pre-
catalyst assembly position by CFD and PIV were compared with each other. The comparison between the CFD 
results and the experimental results could be evaluated by using the correlation coefficient and uniformity index. 
Finally, based on the effective CFD method shown from the above results, an efficient exhaust system was studied 
on the model. An effective exhaust system that solves the problem of the internal combustion engine was developed. 
In this method, the series of research has enabled to increase the development speed more than before. A more 
efficient exhaust system development method was proposed by the research. 
 
